A comparative study of the physical properties of undoped Zinc Oxide (ZnO) and Al doped Zinc Oxide (AZO) thin films were performed as a function of annealing temperature. The structural properties were analyzed using X-ray diffraction and the recorded patterns indicated that the crystallinity of the films always enhanced with increasing annealing temperature while it degrades with Al doping. The topographical modification of the films due to heat treatment was examined by atomic force microscopy which revealed that annealing roughened the surface of all the films; however the AZO films always exhibited smoother morphology than ZnO. Study of optical properties by UV-Visible spectrophotometer demonstrated that the transmittance was gradually diminished with rise in annealing temperature. In addition, a notable increase in the optical bandgap was also observed for the AZO films.
Introduction
Transparent conductive oxides (TCOs) are extensively used in optoelectronic devices e.g. solar cells, flat panel displays etc. [1] . Though Indium Tin Oxide (ITO) is generally employed as TCO till date, a replacement is now required as Indium is toxic besides being expensive and scarce.
Recently, ZnO is emerging as an alternative potential candidate to ITO owing to its cheap abundant raw material, direct band gap, large exciton binding energy, high transmittance in the 2 visible region and non-toxic nature. Nevertheless, because of the high temperature instability of pure ZnO, presently doped ZnO is preferred for the potential applications [2] . Based on the previous literature, Al seems to be a successful and promising doping element for ZnO. Al can be substitutionally incorporated at the Zn lattice sites in the ZnO structure to fabricate AZO film with high temperature stability [3] and good immunity against hydrogen plasma reduction [4] .
Additionally, AZO does not degrade the active solar cell materials because of the inter-diffusion of constituents as it occurs for ITO films [5] . However, optoelectronic devices require thermal treatments during fabrication and therefore TCOs must maintain its properties throughout such high temperature process. So the study of the effect of thermal treatment on the structural and optical properties of TCOs demands serious attention for optoelectronic applications of these films. 
Experimental procedure

Results and discussion
The XRD patterns of annealed ZnO and AZO thin films ( The average grain size ( D ) of the films was also calculated using the full width at half maximum (FWHM) of (002) peak from the Scherrer's equation
where  = 0.9 is the shape factor,  is the wavelength of incident X-ray,  is the FWHM measured in radians and  is the Bragg angle of diffraction peak. It was observed ( Table 1 ) that, as the annealing temperature is raised; the FWHM value exhibited a tendency to decrease for ZnO as well as AZO films. The trend of FWHM values implied that the crystallinity of the films was improved with annealing [7] . Moreover, Al doping deteriorates the crystallinity of the films which may be caused by the stress formation as a result of the ion size difference between Al and Zn (r A1 = 0.054 nm and r Zn = 0.074 nm). It was also observed ( Table 1 ) that average grain size was increased with increasing annealing temperature for ZnO and AZO films. This could be explained by considering the thermal annealing induced coalescence of small grains by grain boundary diffusion which caused major grain growth [7] . The grain growth mechanism includes the transfer of atoms at grain boundaries from one grain to another and the final grain size depends upon the specific (Fig. 2) exhibits that all the films had tightly packed grains with good homogeneity and no cracks were observed. The root mean square (RMS) roughness of the annealed ZnO and AZO thin films was listed in Table 1 , which revealed that RMS roughness of the AZO thin films is by far smaller than that of ZnO under same condition.
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The decrease in surface roughness with Al doping may be caused by Al segregation at the noncrystalline region in the boundary [9] . Moreover, RMS roughness value of all films was increased with the increasing annealing temperature. This could be explained in terms of major grain growth which yields an increase in the surface roughness.
Spectrophotometric measurements of annealed ZnO and AZO thin films (Fig. 3 ) indicated that the transmittance had decreased with the increase in annealing temperature. It was previously reported that surface roughness strongly affects the transparency of ZnO-based thin films [10] . So it could be inferred that the major reason for the decrease in transmittance with higher annealing temperature may be due to the rough surface scattered and reflected light, as surface roughness increases upon annealing. The optical band gap of ZnO and AZO films could be estimated by employing the Tauc model:
where  is the absorption coefficient,  h is the photon energy, A is a constant and g E is the optical bandgap. The optical bandgap of the thin films annealed at different temperatures was determined by extrapolation of the straight section to the energy axis of the plot of   2  h versus photon energy (insets of Fig. 3 ). 
Conclusions
We have investigated the structural, topographical and optical properties of sol-gel derived ZnO and AZO thin films deposited on quartz substrate with respect to annealing. The study revealed that the crystallinity along with average grain size of all the films was increased with annealing temperature. However, AZO films exhibited poor crystallinty and also lower surface roughness in comparison to ZnO. The investigation also showed that RMS roughness of both ZnO and AZO films increases upon annealing which in effect reduces the transmittance. Furthermore, appreciable amount of increase in optical band gap was observed via Al doping depicting the Burstein-Moss effect.
